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*L«l, ^h7^7'i^pit-$7^1l4 6 ( 4 7«n o 
[0 0 6 0] 

B10 (C) W^IC, nIInPi«4 10«Ii:, *-5,r* 
lt^^Ig48Wn o LD20^iM«30^ 

[0 0 6 1] 

LED150^:ii, *M*fe % 1**01^* ^f**>K* 94 
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[0 0 6 2] 

tits LD2 0^;ii, MC^mc^in. ^i||^ 77 
[0 0 6 3] 
[0 0 6 4] 

HI 114, 5 OHi<7)f K7 f ^ 

oU^^KIS, 6tLTAlo.40Gao.07lno.53A 
s£fflv>, W-mK 7 M2liInAs»TMU HMffl^i 
V^«fMi 3 LTJ4A 1 0.26G a 0 .21 1 n 0 . 53 A s £Mv>T, K 
^ >i2 W^tti4^Mt^(:ov,T^f^ HI 1 (A) nzm 

MocvDtttfflv^ <10 0>^I^t 

nnl^.KiSt Al 0 .26Gao.2lIno.53As»3a*. nllnP 
[0 0 6 5] 

I nAs Wv^-4ff k, f«M20«ll^ I n * 

* fr*ttftff *Br£«* fc 9f^m«i- £ t K X <K A 1 o. 26 G a 0 . 21 

I n 0 .53As^3 a±lC, I nOti?:#Wt^ e A s fcStr*** 

* (HI 1 (B) #hs) o 
[0 0 6 6] 

CWK? h 1 9±iZA 1 0 .26G a 0 .2H n 0 .53As«3 b*«Atf 
5-10 nmJt^f^o fffK? M 9 14, ni^7 7 K«5» 
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^10.266 a 0 .2ll n 0 .53As^3 b, 

<**h,t„*) ^Ettftfcj:^ JHicinA.-ei**< % y 
Ki ° Ga ^ m In x Ga yAs ( W x + y=1 ) 

Sfcfc, AlQ.26Gao.2lI n 0 .53As*3 c*W3tOffSHJ5ft*$*r, 
[0 0 6 7] 

Ell 1 (B) icfci-**^ ±K©*3PK* HI 2 aO±^ H i i ( 
A) t^t^^CInli^ Alo.26Gao.2lIno. 53 A.J.3dfc« 
*U ^OTO^Al 0 . 26 Ga 0 . 21 Ino.53Assi3e^f^ 

[0 0 6 8] 

HIl 1 (C) ^ ^-^KHiii2n«U: 

[0 0 6 9] 

^^ W -^ Sf K , ^^^^^^^^^ 
*»«tt4LD*flME©LD«ftSJtti:jfcttt 4 ^ 
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[0 0 7 0J 

*M0CVD»O« W trH-C*i. MOCVD^t5 0(i, 5 

iftfc, tts 2 wv»m^ 5 3«»t^ 

[0 0 7 1] 

0*2fi9l**tt, X&Btes, 6 5, ,<*r 6 4K^m 0 
WUS1P5 lK»m^tt, Xfi***S6 0**Lt»***it. ft* 

[0 0 7 2] 

M«WMMUtB5 4 v ^AS5 5, Jt&ftftm 60 . ft***a* 
« 6 1 , 7 0 (4, ^-tt^tt, fflapM 62H OMffif 6 2 a , 6 

2 b, 6 2 c, 6 2d, 6 2 efc«fc »>iN0ii3*LS o 
[0 0 7 3] 

«**t* e *«^^ 73 ^ InP, Al xGay In 2 As 

L ft fc ft « 3 ****** 7 3 ft* * #tr , SXHft* 5 
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1 Kt&&ZtLZo 
[0 0 7 4] 

I I I»SB*-C**A1 ( Ga, Int, V^cf^As, Ft 

. p^mmTtmx^^z n<DWM^^it^m^mr^y) , zti^ tmai 

(f^W^^Al (CH 3 ) 3 ), TEGa (h«;xf W ^ 
•An G a (C2 H5 ) 3 ) , TM I n ( h V * > a, I n (CH 3 ) 

3 ) , DEZn (v^-;i^>^ Z n (C 2 H 5 ) 2 ) , TB A s 

v?*jut»*s>* t-c 4 h 9 a s h 2 ) , tbp (^yt'jw 7 ^ 

t-C 4 H 9 PH 2 ) ^^^fgffii-^di:^ T ^^ o 
[0 0 7 5] 

TMAI, TEGa, TMIn, D E Z n (D^^mm^U 7 4 , 7 5, 7 6 
5 1afctt***t* 0 TBAsii, TB A s ^Wti7 9 fc* 9«*«HM* 

$*t> mms 1 taots^towss 1 a tbpwu tb 

P 8 2 j: Ottftiftms*^ E*8 3 *lot5»fOS^ 

5 1afctt»$*L* e nI«U7C| t ^^sii, H 2 S^M«ftt8 4C 
i 9«**M*3*i. 151=8 5 ^loT^f«5 1 a 
*ft$*Lfc**;«r* 7 3 14, 8 6 IC j: **ft*tf*3*u KIT 

8 7£iIoT, 5*KJES*0*«5 1 a 
[0 0 7 6] 

-t%tSiI^iii S 7 4-7 7 ( 7 9, 8 2(4, Kft*JR*M-* 
[0 0 7 7] 
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[0 0 7 8] 

ztibofrxmrnrnw (74-77, 79, 82, 8 4, 8 6) ^ . HUI _ & 

62 ^ Jift6 2 etc J: ^ *jh, mimWZim&X^Tz* 
[0 0 7 9] 

MOCVDii 5 K * h **i-*iNWWWM(|J6 

2 ZmmtXm. 5 5 5 1 <Wry* 5 3 -.@5S U "^RiB* 5 

^f51ClU I n P« 5 2 ^^tt^^ 5 0 0 t^f, 6 5 0 

M«mii|54»Mm. ^t, InP«52«l 

waooticfto^ InP »«5 2*e,oPjKi» t |»j h ^ fcJ6lcTB p 

[0 0 8 0] 

^^«Wtt(7^7 7, 7 9, 8 2, 8 4, 8 6)^^ 

InP ' InA *> Alo. 26 Gao.2lIn 0 .53As, Al 
0.40Gao.07ln 0 .53A80jtM«^£fc#TPS* 0 InP^ft 

W ^ tLt > TMI *> TBP. nainPO^tUHK, H 2 
S***«rj:v> 0 pIInP^^ (:f ^ DEZnllW 

v>o A 10.26Gao.2lIno.53As^Alo.40Gao.07ln 0 53As^« 

LT, TMAl, TEGa, TMIn, TBAs^ 0 nfflt 

P MO A 1 o. 26 G a o. 21 1 n o. 53 A s ^ A 1 o. 40 G a o. 07 I n o 53 A s OjftftC 
[0 0 8 1] 

SfelC. TO-*** K* Mi* 2 14, Ml aasa.tr ^ 

*'>**£*ifcfci^ W£©«*«lt»jft-*-*L«r * v» 0 i nPi 

InP, InAs, Alo. 26 Gao. 21 Ino.53As, Al 0 .40Ga 0 07 
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[0 0 8 2] 

MO C VDmz X ot^^-^^ K „ h **+*4MWWJMI*fc 
LT, I nPiagUiKI nAsOW-ftifKy >«iS*^^**^fctt % 
MM* 5 0 or** 5 6 OtOlfiHTfH CfcfcJUK MffftoTOftg 
*»4 0 nm, fO*Si»7 nm8|t^ Pfrt*ft**3 X 1 0l0 c m-2S£©**& 

vtmtmmmmit, afm (Km****) *xm«>mauzt 

tilt, uOi9i:LT^-^K 7 h*S*^jSU W-ft*3FK?r hM 
[0 0 8 3] 

(mmm 1 > 

MocvD^iii, mi 2-cmwLtzmmzm^fz 0 

W*#3 5 0^nn?tfiME4X10Wcm-3o (10 0) I^tn nSI 
5 5 5 i ^t-t^ 5 3 h Lfc„ #C 

*Mfc L ***** 7 3 5 1K«U <7>;±* * 7 6 T o r r 

[0 0 8 4] 

HI 3i±, W-4»K5r h^*^*44»#3M»jli' *»ftAjftfttt 

mi 3 (A) ojetttiMA 

cr) -c*o, mi s (b) <ommt*#x§mm**&MBm-vmLT 

v»*. ttttfiMAftttm-C*,*. **ar*<0**tt 4 s l mT ^^ ffRMt 
W«^sl m (standard liter per minut 
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• &m 2 0 0 2-3 6 4 4 7 9 a 1 • 

e) tt, L C;n;V= 1 0 0 0 cm3)/^ OTJfcfcwe, 101 3hP 

^ 4X1 Ol8 cm -3(7)nMI nPitl 1 ^ 7 7l7fcUT4Xl 0 

18cm-3onlInP^ aft»*5 3 0 tJ-<\ TMIn, TBP, H 2 S£ffl 
KlOOnmMW; (12114 (A) O a ) 0 TMIn, TB 

P. H 2 SOMttii, **L*tLl. 6 8X10-7 mo i (ce^j 3 
3.8X10-6mol/#, 1. 6 7 x 1 0 -9 m o 1 /*M»*ofc 0 
[0 0 8 5] 

ikl ^ TMIn, H 2 SOtt»*#itU TBP*«U ^CTBPOM 

*4|MKU Inm$A^. TMI nOft»*tfjLLT\ 

l:TBAsS:10#IU TBAs^fihU; 0 

l#iiL^ttf|Ol:TBP^SU ^TMIntMU InP 
• tl0nmWS«£fc|:i(, W - mK7 MHt2at»)tU (El ' 
13 (A) Ob) 0 i^iOTMIn, TBP, TBAs^iMi^ *#t 
«U 1. 6 8X10-7mol/#, 3. 3 8X1 0 -6 mo 3 . 3 8X 

1 0-6 mo T'&^fzo 

[0 0 8 6] 

Hll 4 (A) li, Eg^lT^^^i^mXl^mOMm-e*^ HI 1 4 ( 
B) tta*Lfc*W*wfB|-e**. mi 4 (B) ^1-«t^ic, 

[0 0 8 7] 

o****^-THT**. Hoiiii, (nm) -e 
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* *Z***VyhtJz%*m&}tyh<omn*Btl* y *ti?ti, 3X1010 C 
m-2, 3x108 cm-2-ejbofco 

[0 0 8 8] 

«\ *$fcK* bO|ftfc*S©^^tBtJb4 0 HI 6 (A) J4fi:^fr 

mi 6 (b) tt**©a**g*i- 0 Wfcttwt^Lrv»* 0 **** 

* K y b Otfili 20nmH75n m«ft^*3&»* 9 N TOttgli 4 0 n m 
T^o/co Sfcfc, *ofi3l±2 nrnHH n mgjRo^*** ij , 
tt7nmT*ofc 0 -]*r\ **&*3PK?r h 1 3 5nmHl 70 n 
m8HW#*J), ¥TOl6 0nm^of: 0 Sfclc, *Oi»$tt4 7 

±BOJ«ptttt % W-ft*f-Ky h*±|BOMOCVDWItfflv»r« 
MI n^«r«IM-4B>Btt4^-C**^ lJBWSLtfrfc 8^*|jg ffZ Z t"C 
[0 0 8 9] 

mi 7(±, *&w<v^-%m*h'vYZttz*mimmmm<D7*h)\s< 

5U£ ttttCiJIftttft (nm) T** 0 W-ftifKy 

*6*iO4 0 0mWOArl/-f» ( 
1 4. 5 nm) im!ftLxmfe*ftvlz 0 ^-^i^K^ hflTii*^ 

<9Ge • p i n7* Ytrj*- Kfci & fctfiUTV*&. W-ft*?Ky Mftjfe 
****¥**NMMBft 1 ' *feO»*|4 % 1 2 0 0 nm*6 1 7 0 0 nmO*I 
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[0 0 9 0] 

(H»J 2 ) 

±12 L E D 1 5 vmmmklt. mtlS\ MZ#2 SO^m-SOO, m« 
*M* lX10l8MX10l9 C mOnlInPStll ±CnI^#i 7 
fcLT**MMHt#ixi 017^5X1 0l8 C m-3oi n P*0. 00 l^m- 
2^m, ^-^K, h«r*i-*«Stt»4fcO. l^m-S^m, pl^f 
fi8tLtlX10^5X10l9cm-3opUnPlO. 5^m~5^m 

SSI 2, 1314, HmuGeH AuZn^Mv^MLf; 0 
[0 0 9 1] 

ED« a i»iIfitt#XOH(0ii^ / 7t@^^ o [Ell 8 (A) 
0lKMl4|tAAsa« OC) -c*i}, HI 18 (B) aiBtttt^ftttttftfce* 
i«-C7KLTv^ 0 «*tt»*a*|>MT.** 0 3^ HI 914, 
.#*tt*«***Lfc£-e**o Mfc©J|lfl:W\ mo 1 /#T&& 0 d 

[0 0 9 2] 

--*?\ LED 1 5f4. *»fl|lo^-.4t^i? 9 h*£*»fls1-.&jfcftl 
OAftH-C, jft^ TMInOftl^MU TBP*«Unt, InP 

P»^NWMi8fcLTjEiUME4xl 0l8cm-3©I nPt, MBfcT 
B P «r»ELfcfftT\ ^fcfcTM I n tpl^fe^^ fc LTD E Z n 
•f^i^T, 2^nu8«*fc (018 (A) Oc) 0 TMIn, 
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TBP, DEZn^f, t ^ 6 8 X 1 0 "7 m 0 1 /#, 3. 

3 8X10-6mol/#, 9. 0.5X1 0 -8 m o l/#^o^ 0 
[0 0 9 3] 

fc*fk TMInfcDEZnOftttffjhU, TBP/:« U InP** 
W^t^tt, LED15Oxe^yt«l« t ^ 0 ft 

»^ >**t*WHwtai wv^ 7 * h^t- k, ld, 
mm z tf * v * ^« $ *t»j« - t- « £ ^-e § * . 

[0 0 9 4] 

T, ttttl*ft%&« (nm) «»«4»*5We^LTV»ft 0 j^ftfto 

«**LTV>ftfi* (-1 | -) tt , H««^f^^^LTV^ 0 
LED1 5tt, »*ttft«**fB;v*o-c, gftftflttG e • p i 
-KKJ:*«*U «W«l*PbS7tf^^KKJ:5WLfc. 

LEDlSt^WU ■*HW«*10A/cm2 

[0 0 9 5] 

^n^t/LEDlSO^Ii, 0. 9^*62. 2^m^ 
1 0A/cm2 ^ ! ! 0A / Cm 2 itiit^^TV^it TO ^ 0 

**, (▼> n»*aMio**a*tt, ^©to** 

*tar$?,»c»v^or*» 0 *a«oLEDi5o»*wi:tt, i„ P « 

**■»*<>. 9^mt««$*tft^ i. 2„m*e>l. 8,m^(: M 
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[0 0 9 6] 

WBn *' "»=*V,T, *tt»±LED^JD^*matM (A/cm2 ) 
Wi*10A/cn,2 Hl00A/cm2 & A 

[0 0 9 7] 

(*Jfc«3) 

022 (A) W^lciMissO^XlOlScm^ 
(10 0) W*tt4S («*) aOnllnPitiuc, ^ 77 .g 

2 1tMlaP*i0 0nm, ^,Ki5t^Ino, 9 Gao. 41 As 089 
P0.11»*l 0 0nm, fljt^U MOC VDftCi H 2 OtT^k'^y 

[0 0 9 8] 

^InAs^- mKni2 ^ lSMU:o **fc*fr Ktt% * 
77,f,5t 6 2 0ttMOCVDftj:J:i)xe^^^ftS* 

[0 0 9 9] 
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H2 3tt, *H«3©W-ft«F-Ky Ulitixe^^^^^ 
ft$*fcfc|©^^ tmSe 7 6 To r r T* 

BAs «» Wttl. 0 1X10-5 mo l/#, 2. 0 1X10-4 
[0 10 0] 

iWW-ftKK? h«I (cm-2) Hfc*v*T\ h 

©HTM****, hOW«tj*«l-c^LTvvjB 0 

*.^t»Knoii«ttii, TMIn«W, 0«J>*fe2MjK3-C(± 
> WM&lciifllLl. 7X10l0cm-2 t :m o TMIn«BIW2^ 

i o io c m-2earcfta,?-a - t o /Jn 5 Vi p y h ^^^^ b ^ <D 

[0101] 

l»^2»OW»=iaMSnci ) |j n t2. 5X106 cm-2}:lt^ 0 
T M I n Oftttftn ^^M#tL^| ( : (J>/J ^ v , K * h OMfl R 
2 . 5 X 1 0 6 c m-2ajg-e^n-« £ £ tffrfr& 0 
[0 10 2] 

B*i-*±^»c£o^nia*L (t i) o«fcii)E«xe^.>t^* 
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[0 10 3] 

777S21 « U ^Cnl^.KiS, ^-^»^K^#^ g 

*o Sfcfc, p+fl#*WW2 2fctt, pit-$^lii4^ Sil Tv»' 
[0 10 4] 

EI 2 5 Km Lfc L E D 1 5 ' «>#j6tt, 3 Lfc**&-*JH=- K y 

****** z*m4Mmmmi^ pio^rKietpiinp 

»2 2ta»Lfe«ai'Tr**. H6^LfcLD2 0©*fcfc*v> 

[0 10 5] 

±12 L E D 1 5 OflHMftjftli, 5^3 5 0^ m^ftt 4 X 1 0 18 c m"3 
O (1 0 0) W*;fr*-*s («*) aonllnPStl i_h^ /t y7r - 
• 2lU4InPtl00nm, nl^ y y K « 5 fc &* I n 0 . 59 G a 0 . 4 iA 
s 0.89P0.11«£l 0 0 nm, flf^ MOCVDftfcJ: N2 Otfxe^y 

[0 10 6] 

6 2 OtfcLTMOCVDftKl^ pgs.^ K « 6 LT I n 0 59 G a 0 41 
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A s 0 . 89? O.ll'* 10 0 nmiSL, I n A s (DK±ki—f,l2-^ k-», k 

tz Q nm, 13*4, WtiAuGe^, 

AuZn^Mlv>Ti^U: 0 
[0 10 7] 

ED 1 5' Oj»»#ttHo^riiWi-*o 
B 2 6 (4. K „ k ^tt^^iMli)l^v>^LE 

fc*v»T, tt*hf4%%&K (nm) -cab*, «M*«i«*Slft*^LTV^ 0 
*ftO***LTV>*IS* (-( I — ) tt , »*»*©«****LTV>« 0 

LED1 5' t±'i&xmnZtL* JWSr«««*»5 0 0mA©i:So»*x^^ 
h;^/TLTV^ a LED15' OH«tt2mmX2mmfi«-C*4^ msfc 
1 0 0A/cm2 T&& 0 iOtiO/^xtlli, ^*fBri*l 0m 
s T\ ||£ LAttftbft* 50Hzt^ o 
[0 10 8] 

EL 18*14, 1. 1. l,im*&2. 2 A ,mOiOj£v^ 

[0 10 9] 

»i4. 7 rry^n^^gs^R^ 

^T«UUV> 0 ^Wn*a»4, Alo.26Gao.2H no.53 

AstAI 0.40G a 0 .07l n 0 .53A s £>1% itfeO#^#:il^ 
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[0 110] 

[0 111] 
[0 112] 
[0 113] 

**K* bWi-ft^Mtt^WlWit^i^^^..^ ^^^^ 



[mi] 

*»W £*« ft 1 i K y h fcW^iWfcfcjg 

[0 21 

[HI 3] 
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[B4] 
[13 5] 

*££fflv>;fc L E DOifm&jjrt-E|-e£a 0 
[H6] 

#ii«:fflv^LD<0lSB&»fl5ia-Cab*o 
[HI 7] 

H6 0A-A«HC»-5IB»»fmia'C**o 
[®8] 

[0 9] 

B8^B-B*fc»-5«*KBfH-C**o 

[mio] 
[mil] 
[mi 2] 

*f&WK#aii 5 (ommmmiz x ztmtmmnmmx&Km^zMo c v 

[Ell 3] 
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[mi 4) 
[mi 5] 
[mi 6] 

«ixe^+yt;^S«$-fr^-^f^K 7 hod*,©, 
[Hi 7] 

[0181 

[Ell 9] 

mi 8o#ifio^^ fi ^ tit ^ So 

[0 2 01 
[02 1] 

12 2] 



2 3] 

mmm 3 o a*? k?m **fflt.x. * * * 3, * $ * 



miE# 2003-3057247 



#H 2002-364479 ^--j : 43/ 



[024] 

[0 2 5] 

v^LEDOWWH-CJb&o 
[02 6] 

[0 2 7] 

2 ^-^K^M 

5 nl^7 7 Kg 

6 pl^7 7 Kg 

7 nl^ifi 
8,2 2 pl^f^ 

1 0 5r$— k ^ h mm** h <o&dt 

1 1 n&ftfttt&K 

12, 4 8 y 

1 3, 4 5 LEDOp/§*--$ y^ftjg 

14 LED3&7& 

15, 15* W-fcJFf-K? b**^*-2NW*««#ift*ffl^3tLED 
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2 1 ^-;7 7l 

2 3,31 

2 4,4 6 LD^f7^f/16 



2 3,24 

2 6 V — *f 

3 0 



3 2,4 7 iN#%l|n^ h7^^ 

3 3,3 4 RJt Bfrifcjfc 

3 5 Altft 

3 6 iiips^fc 

4 1 nSlnPit 

4 2 L E D 1 5 Offff^JV 

.43 L D 2 0 OMftm 

4 4 *mmtmto» 3 0 ot&f^ji 

5 0 MOCVDif 
5 1 "E&BU&W 

5 2 InPit 

5 3 -9--t7°^ 

5 4 ftM&3Hftlin&Slfi 

54 a • 

5 5 WJPHKAS 

6 0 JtSlftJcm 

6 1 ss^*fca$iit 



6 2 

6 3,6 5 K^SBi? 

6 5 J^fV-f 

7 0 
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7 1 WLW-OfrmffX 

7 3 ffl»$^7t:7K3R^ 

74 tma i irxmwmt 

7 5 TEGa^ii^l 

7 6 TMIn^0Jiii 

77 dez njfxmmmm 

78, 81, 83, 85, 87 Elf 

7 9 TBAs^iiif 

8 2 TBP^flJ^tt 
8 4 H 2 S#\*fR||lp§gfi 

8 6 ^m^^mmmm 
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mi 






(B) 



g(E) 
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[041 
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15 



/ 
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[Ml 0 ] 



(A) 




-42 (43,44) 
-41 



s>: 9/ 



(B) 



45(46,47) 45(46,47) 

i TniMII I NI I Iimilll T ^iiU Ti — 42 (43, 44) 



41 



(C) 



45(46,47) 45(46,47) 

- 




- 42 (43, 44) 
-41 

_^48 
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-3057247 



[Ml 2} 



#M 2002-3644 7 9 



^->>: 11/ 




62a 



aifiE# 2003-3057247 



2002-364479 



12/ 




TMin : . : .: . : : 
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[Ilil 5] 
70 

60 

^ 50 
e 

w 40 



30 



20 



10 - 



TMIn Supply Time: 4s 



Large Dots 

Density:3x10 8 cm" 2# 
Height :55nm 
Diameter: 160nm 



0 



Small Dots 

Density:3x10 10 cm" 2 
Height :7nm 
Diameter: 40nm 
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